Traveling across time zones causes disruption to the normal circadian rhythms and social schedules because of travelers' shift in time. As the endogenous circadian timing system adapts slowly to new time cues, the phase relationship between biological rhythms and external time cues are out of synchronization for a period of time. This disturbance of circadian rhythms has been shown to impair physical and psychological health (Winget et al., 1984) . To test the effects of repeated jet lag on mental abilities, airline cabin crew were compared with ground crew. Salivary cortisol was used as a physiological marker for circadian disruption. The cabin crew group, who had a history of repeated jet lag, had significantly higher salivary cortisol levels in an average working day. In addition, this elevated level of cortisol was only seen in the same subjects when the cabin crew were on transmeridian flights but not domestic flights. Cabin crew also exhibited cognitive deficits, possibly in working memory, that became apparent after several years of chronic disruption of circadian rhythms.
Many studies have reported the physical and psychological effects of transmeridian flying (i.e., traveling across different time zones). Sleep disturbances have been reported in ϳ78% of subjects during the first night after a transmeridian flight. However, only 30% of subjects report sleep disturbances after three nights. In the same study, ϳ60% of the same subjects also reported gastrointestinal problems (Winget et al., 1984) . It has also been shown that disruption of circadian rhythms induced by transmeridian flying is a stress factor that delays ovulation and causes menstrual disturbances in 30 -35% female aircrew (Iglesias et al., 1980) . Wright et al. (1983) have shown that after a transmeridian flight, 50% of subjects reported fatigue and sleep disturbances, and 40% reported subjective weakness. There were decrements in both cognitive and physical performance, and some of the subjects were unable to even complete the tasks. In the same study, no performance decrements were found after a north-south flight. Thus, rapid time-zone transitions impaired performance and consequently the safety of aircrew (Winget et al., 1984) .
Glucocorticoids (GCs) are produced by the physical and psychological stress-responsive hypothalamic-pituitary-adrenal axis. Increases in plasma or salivary cortisol levels are used as biochemical markers of stress, and normal cortisol levels have been shown to have a diurnal rhythm with a maximum level in the morning and a nadir during the night (Van Cauter et al., 1996; Lupien et al., 1997) . Several recent reports indicate that GCs can regulate neuronal metabolism, gene expression, and hippocampal synaptic plasticity (McEwen et al., 1999; Newcomer et al., 1999) . Desir et al. (1981) found that jet lag did not produce quantitative changes in the secretion of cortisol, with no change in the mean level of cortisol over 24 hr after one transmeridian flight. The temporal organization of the cortisol secretions was, however, disrupted by the flight, and full adaptation of the circadian rhythm in cortisol secretion took 11 d. This study was performed in male travelers after one transmeridian flight, whereas typically female cabin crew make multiple transmeridian flights within this adaptation period (Suvanto et al., 1993) .
In the present study, the effects of chronic jet lag on levels of salivary cortisol and memory function were examined in 62 normal women employed in international airline companies. Cortisol measurements were made over the working day by both cabin crew (weekly transmeridian flights) and ground crew (no regular transmeridian flights) to determine if regular exposure to jet lag increased cortisol secretion. Working memory performance and reaction times were measured under baseline conditions in both groups, who were also subdivided into career cohorts (1-4 years of service in their respective careers). This was to examine the hypothesis that exposure to regular disruption of circadian rhythms would cause cognitive decrements. To ensure that transmeridian flying was the cause of any alterations in cortisol levels, comparisons were made within subjects (cabin crew only) on both short-distance and long-distance international flights.
MATERIALS AND METHODS
Subjects. The subjects were 24-to 29-yr-old women (n ϭ 62) who were all employees of international airline companies, right-handed, university graduates, and had no history of neurological or psychiatric illness. One group was chosen who had little or no circadian rhythm reset history (i.e., airport check-in counter staff), and the other group consisted of airline flight attendants (i.e., cabin crew) who had over 8 hr of jet lag per week. According to their flight schedule, cabin crew crossed different time zones at least once per week, and they had 2-4 d break before their next flight duty. The subjects were divided into career cohorts based on the number of years that they had spent in their careers, from 1 to 4 years. All analysis was performed blind of the subject group. This study was conducted in accordance with the Declaration of Helsinki.
Procedure. Before starting the experiment, the subjects were f ully informed of the aims of the study and how to respond to the tasks, and all subjects gave informed consent to participate in the experiment. Saliva samples were taken from the cabin crew on both long-distance international [i.e., traveling across more than 8 hr different time zones: Ͼ8 Greenwich Mean Time (GMT)] and short-distance flights (i.e., traveling across Ͻ3 hr different time zones: Ͻ3 GMT) but from the ground crew on only one occasion. In all cases, the temporal continuity was maintained with GMT (all measurements were taken on outward flights, so the time was the same for both aircrew and ground crew).
Cortisol measurement. To analyze salivary cortisol levels, the technique of L upien et al. (1994, 1997) was used. The subjects were asked to collect saliva samples at 1 hr intervals during their working day, samples were collected once per week and averaged for the 2 month periods. After mouth rinsing, the filter paper (Whatman) was placed in their mouth until the saliva reached the front line of the paper (filter paper was prepared beforehand for the collection of saliva). The filter paper was then air-dried and stored at Ϫ18°C until analysis. Cortisol was extracted from the filter paper in 2 ml of ethanol for 1 hr at room temperature (20 Ϯ 1°C). A 300 l aliquot of the extract was assayed using [ 3 H]cortisol as the radiotracer and a highly specific cortisol antibody (B-63 antibody; Endocrine Science, Tarzana, CA).
Memor y task s. The experimental tasks were conducted with an Apple Macintosh computer using Macintosh stimulus presentation software (SuperLab; C edrus, Wheaton, MD) (Haxby et al., 1993) . Delayed matchto-sample tasks were used to test memory performance. The task was given at 11:00 A.M. local time (i.e., 3 hr after starting work). Each visual memory task started with a short (2.5 sec) presentation of an identical pair of stimulus pictures, followed by the presentation (5 sec) of a black dot in the center of the screen to hold the subject's attention, and then after a 5 or 25 sec delay, the test picture was presented for 2.5 sec. Four different types of stimuli were used; symbol, meaningf ul word, and Arabic numerals. In the case of a word stimulus, the pair of words comprised a meaningf ul word pair (three to eight letters in length), and the pair of number stimulus pictures comprised one or two digits of Arabic numerals. Each subject was presented with a total of 80 trials (i.e., 20 items times four types of stimuli), and the different types of stimuli were presented in a pseudorandom order. After the test picture, the subject had to choose the correct response by pressing a key. If the test pair of pictures was exactly the same as the stimulus pair of pictures, the subject had to press one key, and if not, then they had to press another key. The next stimulus picture was presented after the subjects had pressed any response key after the preceding test picture. The computer recorded the number of correct responses and the reaction time of the subjects.
Statistical anal ysis. Statistical analysis was made by Student's nonpaired t test and regression analyses. Data are presented as mean Ϯ SEM. p Ͻ 0.05 was taken as the level of significance throughout all the analysis.
RESULTS
Flight attendants had significantly higher salivary cortisol levels than ground crew during their average working day on a transmeridian flight (cabin crew, 18.4 Ϯ 0.6 nmol/l; ground crew, 14.4 Ϯ 0.3 nmol/l; t ϭ 6.2; p Ͻ 0.0001 vs ground crew; Fig. 1 ) but not on a short-distance flight (short-distance flight, 14.7 Ϯ 0.3 nmol/l; t ϭ 0.8; p Ͼ 0.5 vs ground crew). Transmeridian flying also significantly increased salivary cortisol levels over domestic flying in the cabin crew (t ϭ 19.6; p Ͻ 0.0001 vs short-distance flight; Fig. 1 ). There was no significant difference in salivary cortisol levels because of the number of years of service. Finally cortisol levels were also monitored just after the memory performance task (ground crew, 13.7 Ϯ 0.5 nmol/l; n ϭ 10; cabin crew, 15.8 Ϯ 0.7 nmol/l; n ϭ 10).
There was no significant difference in memory performance between cabin crew and ground crew with Ͻ3 years service (Fig.  2 A,B) . However, cabin crew with 4 years of service had a significantly lower number of correct responses at both the 5 sec (cabin crew, 85 Ϯ 2%; ground crew, 91 Ϯ 2%; t ϭ 3.3; p Ͻ 0.005; Fig. 2 A) and 25 sec delay (cabin crew, 82 Ϯ 1%; ground crew, 91 Ϯ 1%; t ϭ 5.2; p Ͻ 0.0001; Fig. 2 B) . The relationship between salivary cortisol level and percentage of correct responses was examined by regression analyses. A significant correlation was found in cabin crew (r ϭ Ϫ0.78, r 2 ϭ 0.67, p Ͻ 0.01; r ϭ Ϫ0.75, r 2 ϭ 0.57, p Ͻ 0.01; 5 sec and 25 sec delay, respectively; Fig. 2C ), but there was no correlation in ground crew (r ϭ Ϫ0.43, r 2 ϭ 0.19, p Ͼ 0.1; r ϭ Ϫ0.34, r 2 ϭ 0.12, p Ͼ 0.1; 5 sec and 25 sec respectively, Fig.  2 D) . The percentage of correct responses in subjects with high cortisol levels (17-21 nmol/l) was Ͻ85% compared to a 95% performance level in the ground crew. In addition, the reaction time of cabin crew was significantly slower than that of ground crew with 4 years service (symbol, 5 sec delay: t ϭ 2.8, p Ͻ 0.05; symbol, 25 sec delay: t ϭ 4.4, p Ͻ 0.005; number, 25 sec delay: t ϭ 2.9, p Ͻ 0.01; Fig. 3B ). There was no statistically significant difference in reaction time attributable to the number of years of service (1-3 years of service in their respective careers; Fig. 3A) .
In contrast, cabin crew from other airlines (i.e., cabin crew who have more than a 14 d interval between outward transmeridian flights; Fig. 4A ) had performance levels Ͼ85% correct. Also in this group no memory deficits were found to be associated with transmeridian flying even though the flights increased salivary cortisol levels (salivary cortisol during the working day, 15-20 nmol/l; Fig. 4 B,C) . Finally, there was no significant correlation between cortisol levels and memory performance in this airline cabin crew (r ϭ Ϫ0.2, r 2 ϭ 0.04, p Ͼ 0.1; r ϭ Ϫ0.12, r 2 ϭ 0.01, p Ͼ 0.1; 5 sec and 25 sec delay, respectively; Fig. 4 B) . 
DISCUSSION
The present study showed that cabin crew had higher levels of salivary cortisol than ground crew across all four career cohorts tested. This increase was maintained across the working day and seems to suggest that flying increases the secretion of cortisol. In the present study, all the aircrew subjects had at least several transmeridian flights in the preceding weeks, which may account for the increased cortisol secretion in the aircrew subjects. This finding is in contrast to earlier reports of no increased cortisol secretion after transmeridian flying (Desir et al., 1981) . The study of Desir et al. (1981) , however, was conducted in subjects that had no circadian rhythm disruption in the previous year.
International transmeridian flying was associated with significantly raised salivary cortisol compared to short-distance flying in the same cabin crew subjects on the outward journey. This indicates that the increase in circulating cortisol was not caused by the effect of flying per se. It is possible, however, that anticipation of the deleterious effects of "jet lag" was stressful for these subjects, and this caused the increase in cortisol secretion before the circadian disruption. This effect was observed across all four career cohorts, which suggests that it is not something to which the subjects were able to adapt. One might have expected that after 4 years of flight experience, the subjects would have adopted a successful strategy for reducing the negative impact of flying.
Recent evidence has shown that chronic exposure to high levels of circulating corticosteroids impairs cognitive function in both animals and humans (Lupien et al., 1994 (Lupien et al., , 1997 (Lupien et al., , 1998 McEwen and Sapolsky, 1995) . After 4 years of transmeridian flying experience, the aircrew showed statistically significant correct key rate and reaction time deficits. The delayed onset of this decrement implies that exposure to the elevated level of cortisol for 4 years had impaired these functions a result, which is in line with previous findings (Lupien et al., 1994 (Lupien et al., , 1997 McEwen and Sapolsky, 1995) . Years of career also appeared to negatively affect the ground crew's cognitive performance as well. This decline may be explained by age-related influences, however, further study is required to confirm this (Grady et al., 1998; Hazlett et al., 1998) .
As the results showed, the cognitive deficits were found to be dependent on both delay interval and the type of stimuli used. In case of symbol test picture, the correct key response latency was Ͼ1 sec in cabin crew at both the 5 and 25 sec delay. The cabin crew also showed significantly longer reaction times when the number test picture was presented, but only in the 25 sec delay condition. Thus, cognitive deficits were evident in both the symbol and the number test conditions, but not when the letter or word test pictures were presented. These results suggest that jet lag may depress nonverbal short-term memory processing. It may also be argued that the performance decrements observed in the present study may be the result of an attentional deficit. Both the reaction time and correct number of responses were differentially affected by delay time and the types of test picture. However, the performance deficit is found in both the 5 sec delay symbol test condition and the 25 sec delay condition. Therefore, this may suggest that performance deficits are a result of impairments in nonverbal cognitive processing. Both cabin crew and ground crew showed longer reaction times in the symbol test condition but not the other test conditions. Thus, these stimuli may be more difficult to recognize than other test conditions. Further studies are needed to determine the particular types of cognitive deficits produced by long-term chronic jet lag.
In cabin crew from other airlines tested, no memory deficits were shown to be associated with transmeridian flying, even though the flights increased salivary cortisol levels (Fig. 4B,C) . One possible explanation for these findings is that these other airlines have longer intervals between transmeridian flights (i.e., cabin crew have an interval between outward long-distance flights of Ͼ14 d). This interval is a sufficient to allow the circadian rhythms to recover (Fig. 4A) , and this may be a potential method of eliminating the cognitive deficits induced by jet lag. Jet lag causes sleep deprivation, and sleep deprivation itself may be a factor that will modulate attention and cognitive performance. However, previous studies have shown that short-term sleep deprivation (Ͻ36 hr) does not selectively impair higher cortical functioning (Binks et al., 1999) . Newcomer et al. (1999) have demonstrated decreased memory performance induced by stress level cortisol treatment in healthy humans. The present study, therefore, demonstrates that jet lag produced by short time intervals between outward transmeridian flights elevates salivary cortisol levels and that long-term exposure to high cortisol levels may result in cognitive deficits, and in particular memory impairment. However, we cannot yet confirm whether these deficits are temporary or permanent. Lupien et al. (1998) have shown that basal cortisol elevation can cause hippocampal damage and impair hippocampal-dependent learning and memory. Thus, functional brain scanning may help to address these unsolved questions. A shows typical cabin crew flight duty schedule. B shows that the relationship between salivary cortisol level and correct key response rate (mean of salivary cortisol: 17 nmol/l, t ϭ 1.9, p Ͼ 0.05 vs cabin crew; Fig. 2C ; 5 sec delay average correct key response rate: 92%, t ϭ 3.4, p Ͻ 0.005 vs cabin crew; Fig. 2C ; 25 sec delay average correct key response rate: 90%, t ϭ 4.6, p Ͻ 0.001 vs cabin crew; Fig. 2C , n ϭ 10). C, Reaction time with four different types of stimulus pairs (all stimulus pairs: p Ͼ 0.05 vs ground crew; Fig. 3 , n ϭ 10).
